Introduction
============

Apoptosis, or programmed cell death, is defined as distinct morphological and biochemical changes which mediated by a family of cysteine aspartases (caspases) caspase-1 to caspase-14 \[[@B1]\]. They are expressed as inactive zymogens that proteolytically activated following intrinsic or extrinsic stimuli \[[@B2]\]. Apoptosis is characterized by cytoplasmic and nuclear shrinkage, chromatin fragmentation, and breakdown of the cell into multiple spherical bodies that retain membrane integrity \[[@B3]\]. The tumor necrosis factor (TNF)-related apoptosis inducing ligand (TRAIL) are death cell surface receptors that induce apoptosis through activation of caspase-3 and -6 in caspase cascade \[[@B4]\]. Necrosis is activated mostly by extrinsic factors and is characterized by progressive loss of cytoplasmic membrane integrity, rapid influx of Na^+^, Ca^2+^, and water, resulting in cytoplasmic swelling and nuclear pyknosis \[[@B3]\]. The contribution of cell death as apoptosis vs. necrosis may be a determinant factor of the severity of morbidity or mortality \[[@B5]\].

Anesthetics may play an important role in immunomodulation through their effect on apoptosis leading to different postoperative outcome \[[@B6]\]. The antioxidant activity of propofol suggests its potential role to modulate apoptosis \[[@B7]\] while the effect of volatile anesthetics remains obscure. Sevoflurane and isoflurane might induce apoptosis in T lymphocytes via increased mitochondrial membrane permeability and caspase-3 activation \[[@B8]\]. On the contrary, others reported them to be protective against ischemic reperfusion injuries \[[@B9]\] as well as cardioprotection through their antiapoptotic effects \[[@B10]\].

Since scarce studies were conducted in vivo to correlate the effect of anesthesia with the clinical practice, we aimed to study the effects of propofol, isoflurane and sevoflurane on apoptosis by measuring blood level of caspase-3 and TRAIL as apoptotic markers in American Society of Anesthesiologists (ASA) physical status I patients scheduled for elective open cholecystectomy.

Materials and Methods
=====================

After obtaining Ethical Committee approval in Theodor Bilharz Research Institute and informed written consent, sixty adult patients aged between 18-60 years of either sex ASA physical status I scheduled for open cholecystectomy were enrolled in this prospective, randomized study. Patients were excluded if they refused to sign the consent form, were ASA physical status II or greater, extremes of age, obese patients (BMI \> 30), pregnant, lactating or menstruating females, heavy smokers, addicts, drug abusers, or undergoing emergency operations. The patients were withdrawn from the study if they needed postoperative mechanical ventilation, perioperative corticosteroid therapy, or blood transfusion.

The enrolled patients were randomly allocated according to a computer generated randomization list to three groups of twenty patients each to receive propofol, isoflurane or sevoflurane for maintenance of anesthesia. They were premedicated with midazolam 0.05 mg/kg given intravenously half an hour before induction of anesthesia. The following monitors were attached to the patients: five leads ECG, non invasive blood pressure, SpO~2~, capnography, anesthetic gas analyzer, temperature and peripheral nerve stimulator (Infinity Kappa, Dräger, Lübeck, Germany). Ringer\'s acetate solution (500 ml) was infused as a preload then at a rate of 6-8 ml/kg/h during surgery for supplying maintenance and deficit, while blood losses were replaced by colloids (Hemohes, 6% Hes 200/0.5 B. Braun Melsungen AG, Germany) not exceeding one liter. All patients received 1 gm cefoperazone preoperatively as a standard antibiotic. Anesthesia was induced with IV fentanyl 2 µg/kg and IV propofol 1.5-2 mg/kg until loss of verbal contact. Neuromuscular blockade was achieved by IV atracurium 0.5 mg/kg followed by tracheal intubation.

In the \"Propofol group\": Anesthesia was maintained with intravenous propofol 10 mg/kg/h for the first 10 minutes, 8 mg/kg/h for the second 10 minutes and continued by 3-6 mg/kg/h thereafter till the end of surgical procedure. For the \"Isoflurane group\" and \"Sevoflurane group\": anesthesia was maintained to keep the end-tidal anesthetic concentrations within 0.8-1.2% for Isoflurane group or 1.5-2% for Sevoflurane group.

For all patients, fresh gas flow oxygen in air 30-40% at a rate of 1 L/min was administered using a closed system (Fabius GS, Dräger, Lübeck, Germany) and ventilation was adjusted to maintain end-tidal carbon dioxide at 35-40 mmHg. An increase in HR and/or MAP \> 30% of baseline values was treated by IV fentanyl 0.5 µg/kg boluses. Atropine 0.5 mg IV increments were used to control bradycardia (\< 50 beats/min) while hypotension (less than 20% of pre-anesthetic level) was managed by increasing fluid infusion rate, decreasing infusion rate of propofol/concentration of volatile anesthetic and/or using vasoactive drugs. Core temperature was measured by using an esophageal thermometer and normothermia was maintained using a forced air warming blanket and actively warmed infused solutions. Neuromuscular blockade was achieved intraoperatively with intermittent doses of IV atracurium 0.1 mg/kg when Train of Four (TOF) ratio reached 25%. At the end of surgery, reversal of neuromuscular blockade was achieved by intravenous titration of neostigmine 0.05 mg/kg and atropine 0.02 mg/kg. Mepridine 1 mg/kg was given intramuscularly every 8 hours to control postoperative pain during the first 24 hours after surgery. Monitoring of arterial blood pressure and heart rate continued postoperatively and recorded every four hours. The patient and the observers collecting data were blinded to the patient\'s study group allocation.

**Laboratory works:** Three Venous blood samples (5 ml each) were withdrawn from each patient to be divided into 2 aliquots; the 1^st^ portion was on EDTA anticoagulant for hemoglobin (Hb) and hematocrit (Hct) measurement. The 2^nd^ one was collected in plain tube, allowed to clot then centrifuged. The separated serum was further subdivided into two aliquots; one of them used to measure serum creatinine, alanine aminotransferases (ALT) and aspartate aminotransferases (AST). These hematological and biochemical markers were measured preoperatively and 24 hours after surgery. The second part of serum were refrigerated at -80℃ for specific assay of serum TRAIL and caspase-3 levels at the following time points; preoperative (baseline), at the end of surgery (immediate postoperative) and 24 hours postoperatively.

Measurement of serum TRAIL level
--------------------------------

It was measured by using the BioSource human TRAIL kit (Catalog \#KHC1632/KHC1631, California, USA) which is a solid phase sandwich Enzyme Linked-Immuno-Sorbent Assay (ELISA). A monoclonal antibody specific for human TRAIL has been coated onto the wells of the micro titer strips provided. Samples, including standards of known human TRAIL content, control specimens, and unknowns, were pipetted into these wells. During the first incubation, the Human TRAIL antigen binded to the immobilized (capture) antibody on one site. After washing, a biotinylated polyclonal antibody specific for Human TRAIL was added. During the second incubation, this antibody binded to the immobilized Human TRAIL captured during the first incubation. After removal of excess second antibody, Streptavidin-Peroxidase (enzyme) was added. This binded to the biotinylated antibody to complete the four-member sandwich. After a third incubation and washing to remove all the unbound enzyme, a substrate solution was added, which was acted upon by the bound enzyme to produce color. The intensity of this colored product is directly proportional to the concentration of Human TRAIL present in the original specimen.

Measurement of serum caspase-3
------------------------------

Quantitative determination of serum caspase -3 was measured by using Correlate-assay, Caspase-3 Colorimetric Assay Kit, (Catalog No. 907-013). It involves conversion of a specific chromogenic substrate for caspase-3 followed by colorimetric detection of colored end-product (p-nitroaniline, p-NA) whose absorbance is directly proportional to the respective caspase-3 concentration. Using linear graph paper, the average net nominal concentration for each standard was plotted versus actual concentration of caspase-3 for the standards. The concentration of caspase-3 in samples can be determined from appropriate standard curve.

**Statistical analysis:** Based on our preliminary trail to detect changes in caspase-3 level and assuming that α = 0.05% and power of 80%, sample size of 20 patients per group were required to detect this difference between groups. Data were expressed as mean (standard deviation) or number (%). Comparison between numerical data in different groups was performed using ANOVA with post-hoc Bonferroni test while comparison relative to the baseline in the same group was performed using ANOVA with post-hoc Dunnet test. Comparison between categorical data was performed using Chi-square test. The data were considered significant if P value was ≤ 0.05. Statistical analysis was performed with the aid of the SPSS computer program (version 12 windows).

Results
=======

The study groups showed no significant difference concerning demographic data, duration of anesthesia and mean intraoperative blood loss ([Table 1](#T1){ref-type="table"}). All changes in mean intra- and post-operative blood pressure and heart rate in the three groups were within the clinical acceptable ranges and none of the patients were in need of rescue medications.

Concerning biochemical and hematological markers, serum creatinine showed a non significant rise while Hb and Hct level showed a non significant fall from preoperative level in all groups without any significant difference between groups. ALT and AST showed statistically significant rise from preoperative levels in all groups with P value \< 0.05 but no significant difference between groups ([Table 2](#T2){ref-type="table"}).

Regarding apoptotic markers; In Propofol group, TRAIL and caspase-3 levels were significantly elevated immediately postoperative compared to preoperative level then decreased significantly after 24-hours compared to immediate postoperative reading (P \< 0.05). In Isoflurane group, immediate postoperative level of TRAIL was significantly higher than 24 hours reading and significantly lower than its level in Propofol group at the same timing meanwhile caspase-3 levels were comparable at different timings within the group. In Sevoflurane group, TRAIL and caspase-3 levels increased significantly in both postoperative samples than preoperative level and than those of Isoflurane and Propofol groups after 24 hours concerning TRAIL (P \< 0.05). Caspase-3 level did not show statistically significant difference between groups at different timings ([Fig. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

Discussion
==========

This study compared the in vivo effect of isoflurane, sevoflurane and propofol on TRAIL and Caspase-3 levels as apoptotic markers. Isoflurane appeared to have the most protective effect against apoptosis as indicated by minimal postoperative changes of these markers, while sevoflurane was accompanied with postoperative increase of their levels and failed to regain the baseline values so it may have the least antiapoptotic effect. This reopens the question about the low flow sevoflurane safety and the effect of its toxic bio-products on human tissues. Also we should not ignore that caspase-3 in Propofol group returned to near preoperative level after 24 hours while TRAIL level returned to even less than baseline.

Loepke et al. \[[@B11]\] and Satomoto et al. \[[@B12]\] found similar results to this study reporting that sevoflurane caused more apoptosis and functional disability than isoflurane in neonatal brain cells of mice by using caspase-3 assay. Meanwhile Zhang et al. \[[@B13]\] suggested that both isoflurane and sevoflurane partially inhibited apoptosis but with no significant difference. They studied the anesthetic effects on ischemic neurons after cerebral ischemia-reperfusion in 10 rats by the expression of anti-apoptotic factor Bcl-2 mRNA and interleukin-1beta. This discrepancy may be due to their use of small sample size and different markers. Isoflurane has been reported to have neuroprotective effect against dynorphyn (Known cytotoxic compound) in cultured human neuroblastoma cells through its effect on cell survival, apoptosis, and antiapoptotic protein expression \[[@B14]\]. Similarly, Lin et al. \[[@B15]\] showed that isoflurane did not cause injury to human neuron-like cells and did not increase the expression of the activated caspase-3. In addition, isoflurane had a cardioprotective effect by inhibition of apoptosis in cardiomyocytes \[[@B16]\] and also inhibited apoptosis in renal medulla of rats \[[@B17]\].

In contrast, Yang et al. \[[@B18]\] suggested that isoflurane has greater potency than sevoflurane or desflurane to cause calcium release from the endoplasmic reticulum and to induce cell apoptosis. The authors used chicken β lymphocytes exposed to 2 MAC of anesthetic agents for 24 hours and determined apoptosis activity by the degree of cell damage and measuring caspase-3 level. In addition, treatment with 2% isoflurane for 6 h increased pro-apoptotic factor (Bax levels) as well as decreased anti-apoptotic factor (Bcl-2 levels), and caspase-3 and-9 in cultured cells, primary neurons, and mice \[[@B19]\]. These differences in results may be due to higher concentration and longer duration of anesthetic exposure in the previous two studies than that used in our study where patients were exposed to 1 MAC for about 2 hours and also in vitro studies are not enough to build a firm conclusion. Different concentrations of isoflurane treatment could have different effects as low-concentration may protect against whereas high-concentration may promote hypoxia-induced caspase-3 activation \[[@B20]\].

The use of sub-clinical concentration of sevoflurane proved to potentiate neuronal apoptosis in the developing mouse brain cells which was detected by immunohistochemistry of cleaved caspase-3 and electron microscopy \[[@B21]\]. After one hour exposure of human peripheral polymorph nuclear neutrophils to sevoflurane, oxidative stress and cellular injury were induced in a dose dependant manner by measuring the activity of caspase-3 and -7 \[[@B22]\]. The results of our study go in accordance with Papadima et al. \[[@B23]\] who reported that sevoflurane has an apoptotic effect in vivo but through measuring total lymphocyte counts and lymphocyte subpopulations (early apoptotic, late apoptotic, viable, and necrotic cells).

Concerning propofol, the present work suggests that propofol is more protective than sevoflurane though less than isoflurane, against apoptosis. However, it is neither proved nor excluded that propofol can induce apoptosis. It was suggested that propofol attenuates intestinal epithelial apoptosis in rats through reducing ceramide production, a messenger for apoptosis \[[@B24]\]. Propofol can also prevent dopamineinduced apoptosis after ischemia assessed by immunoblotting of caspase-3 cleavage in rabbit hearts \[[@B25]\]. In addition, propofol could inhibit apoptosis in astroglial cells evaluated by cytotoxicity assay and caspase-3 activation \[[@B26]\]. On the contrary, Siddiqui et al. \[[@B27]\] proposed that the anticancer effects of novel propofol conjugates on breast cancer cells significantly induced apoptosis; however, they studied propofol conjugates and not propofol itself. In another work conducted by Tsuchiya et al. \[[@B28]\], they found that propofol treatment could activate caspase-3, -6, -8 and -9. By using immunofluorescence and western-blot analyses. Engelhard et al. \[[@B29]\] showed that sevoflurane and propofol had equal effect on the expression of apoptosis-regulating proteins (Bax, Bcl-2). This dissimilarity in results may be due to different markers used and the later study was conducted after ischemia and reperfusion which cause apoptosis via different mechanism.

Preoperative levels of apoptotic markers (caspase-3 and TRAIL levels) in the present study were comparable between the three groups starting from almost the same baseline. Estimating the serum level of these markers in vivo is an easy, non-invasive and reliable method especially that the two-markers were changed in a parallel pattern and are activated in the early stages of apoptosis \[[@B30]\]. Disadvantage of the present study is that it did not identify the organ subjected to apoptosis or protected, in contrast to in vitro or animal studies that examine cells from each organ. ASA I patients were only included in this study to minimize any existing effects of systemic diseases on apoptosis. Pediatric patients were excluded as they have developing organs, which may affect the results \[[@B12]\]. Perioperative hemodynamic data and blood loss did not manifest wide changes or subjected to extensive surgical intervention. This study evaluated the perioperative creatinine level to rule out any changes in the kidney functions. On the other hand postoperative levels of liver enzymes were elevated than preoperative levels within each group as any procedure near the liver can elevate liver enzymes, but they were comparable between groups.

This study concludes that isoflurane is the superior and sevoflurane is the least effective among the three anesthetics in protecting against apoptosis in human cells. However, it is neither proved nor excluded that propofol induce apoptosis. Further studies are recommended to evaluate the usage of isoflurane for anesthesia maintenance in lengthy procedures. The link of the apoptotic markers level to the ASA II, III status and compromised patients are also recommended. Measuring the pre anesthetic serial levels of apoptotic markers days before surgery is required to estimate their baseline average level without immediate preoperative stress effect. Also increasing the duration of follow up after surgical intervention with more frequent measuring is needed.
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Demographic Data, Duration of Anesthesia and Intraoperative Blood Loss
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Data are expressed as mean ± standard deviation or number (%).

###### 

Mean Values of Biochemical and Hematological Markers
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Data are expressed as mean ± standard deviation. S. Cr: serum creatinine, AST: aspartate aminotransferase, ALT: alanine aminotransferase, Hb: hemoglobin concentration, Hct: hematocrit, PO: postoperative. ^\*^P \< 0.05 relative to preoperative value within the same group.
